, Hee-Kyun Oh 2 ·Abstract Purpose: This research sought to determine the resorption rate of bone grafted to the maxillary sinus according to the grafted material's type, patient's age, systemic disease, implant size, site of implant placement, and residual ridge height. Materials and Methods: This research targeted 24 patients who had immediate Osstem ® implant (US Plus ® ) placement after bone graft. The panorama was taken before the surgery, after the surgery, and 6 months after the surgery. Vertical height change and resorption rate of the grafted bone were measured with the same X-rays and compared. The influence of the following factors on the grafted bone material's resorption rate was evaluated: grafted material type, patient's age, systemic disease, implant size, site of implant placement, and residual ridge height. Results: Patients in their 40s had 34.0±21.1% resorption rate, which was significantly higher compared to the other age groups (P<0.05). There was no significant relationship between systemic disease and grafted bone resorption. There was no significant relationship between implant size (diameter, length) and grafted bone resorption. There was no significant relationship between the site of implant placement and grafted bone resorption. The ramal bone-grafted site was significantly more resorbed than the ramal bone/Bio-Oss ® -grafted site, maxillary tuberosity bone/Bio-Oss ® -grafted site, and ramal bone/maxillary tuberosity bone/Bio-Oss ® -grafted site (P<0.05). There was no significant difference in the grafted bone resorption rate in the sinus between more than 4 mm and less than 4 mm residual ridge heights. After an average of 6 months, a second surgery was done; given an average follow-up of 1.9 years, the success rate and survival rate of the implant were 96.9% and 98.4%, respectively. Conclusion: These results indicate that the bone resorption rate of grafted bone among patients in their 40s is higher compared to patients in their 50s and over, and that only autogenous bone (ramus) shows higher resorption rate than the mixed graft of autogenous bone and xenogenous graft (Bio-oss) after maxillary sinus graft.
Introduction
After the loss of the maxillary molar, the maxillary sinus floor shows rapid resorption; the size of the maxillary sinus also increases. Therefore, only the thin bone wall between the oral cavity and the maxillary sinus may remain. To place an implant for such patient, bone graft is done for bone augmentation. In 1980, Boyne and James 1) performed maxillary sinus bone graft for implant placement for the first time. As implant technology and bone grafting de veloped, and surface treatment technology improved, ma xil lary sinus bone grafting became a popular surgery. Nonetheless, maxillary sinus bone as grafting material has become the object of controversy. Bone grafting materials used for maxil lary sinus graft include autogenous bone, allogenous bone, xenogenous bone, and synthetic bone. Since autogenous bone graft has the disadvantage of requiring secondary surgery, allogenous bone, xenogenous bone, or syn thetic bone may be used. Unlike autogenous bone, allogenous bone contains no osteoblast; thus, osteogenesis by osteo conductive material may not be expected. The principle of new bone to be formed by autogenous bone is that grafted bone exhibits osteoconductivity for osteoblast maturity by stimulating the osteoprogenitor cell of adjacent tissue or plays the role of passive substrate for the osteoprogenitor cell of adjacent tissue to come in after growth 2) . Meanwhile, autogenous bone graft has the limit of bone yield but no tissue rejection; it is also regarded as surgery with high prediction. According to Dragoo and Sullivan 3) autogenous bone is a bone graft material with the highest regenerative capa bility when it comes to alveolar bone defects. Note, how ever, that maxillary sinus bone graft using autogenous bone was found to lead to considerable bone resorption over time. In particular, Hatano et al. 4) cited the possibility of pneumatization for the first 2~3 years after bone grafting. In their study using computed tomography (CT), Johansson et al. 5) stated that maxillary sinus bone graft using autogenous bone harvested from iliac bone led to the resorption of 49.5% of graft material 6 or 7 months after the surgery. On the other hand, Smolka et al. 6) re ported that maxillary sinus elevation using skull vault in auto ge nous bone recorded an average of 19.2% resorption as a result of measuring grafted bone volume using three-dimen sional CT. Autogenous bone including hard bone, ribs, or iliac bone can be used. Due to problems such as inconvenience of hospita lization, general anesthesia, postoperative pain, and burden of medical expenses, however, its use has been li mited. Alternatively, autogenous bone from the oral cavity such as mental region, mandibular body, zygomatic region, and maxillary tuberosity has often been used 7) . Mandibular ramus bone has high ratio of cortical bone, but the harvest of the latter is difficult. Nonetheless, it is preferred as bone graft material for the maxillary sinus due to the low risk of edema and nerve injury compared to mental bone. Bone in the maxillary tuberosity area is mostly composed of trabecular bone and used limitedly due to the lack of bone mass but preferred as maxillary sinus bone graft material due to the ease of harvesting and absence of specific complications except the risk of perforation 8) . To remedy such short comings, the use of bone graft material by non-autogenous bone was discussed.
In 1996, the Academy of OsseoIntegration Sinus Consensus Conference 9) published the positive effect of using other bone graft material including allogenous, xenogenous, and synthetic bone as well as autogenous bone as maxillary si nus bone graft material. Later, many clinical and histolo gical studies on maxillary sinus bone graft material have been reported. In particular, Hatano et al. 4) recommended the com bined use of allogenous bone and synthetic bone and autogenous bone. Jensen et al. 9) noted that residual alveolar bone height had the most influence on the survival rate of the implant placed after maxillary sinus elevation, and that, if the height was 7 mm or less, bone graft must be done for implant placement. Meanwhile, in poor bone substrate, the implant with rough surface formed through surface treatment was found to have faster periosteal reaction and stabler, higher survival rate than the implant with smooth surface on the long-term basis 10) .
Such extensive literature revealed the fact that bone graft material type, residual alveolar bone height, and implant surface type had an influence on the survival rate of the implant placed after maxillary sinus elevation, but it has not clearly shown the effect on the implant survival rate of factors such as the patient's age, systemic disease, implant place ment position, and implant size. In particular, there have been few studies on the factors affecting bone resorption. This research sought to determine the influence of bone graft material, age, systemic disease, implant size, implant placement position, and residual alveolar bone height on the resorption rate of grafted bone after maxillary sinus bone using 3.0 Mersilk to avoid apply ing any ten sion on it.
2) Radiological Examination
The residual alveolar bone mass was checked by measuring the distance from the alveolar crest to the maxillary sinus base on a panorama taken before the surgery. The amount of bone augmentation (A) was evaluated to observe the resorption of the maxillary sinus graft material by measuring the distance from the bottommost part of the fixture threads to the uppermost part of bone graft material on a center-line of fixture after the surgery. The same measuring method was applied to evaluate the bone augmentation amount on a panorama taken 6 months after the bone graft (B). With such difference, the resorption amount of bone graft material (A-B) and the resorption rate (resorption amount x 100/A) were calculated ( Fig. 1) .
3) Statistical Analysis on the Resorption Rate of Bone Graft Material
With each measurement, statistical analysis on bone resorption 6 months after the surgery was performed using independent-sample t-test and Chi-square test in the SPSS 12.0 TM program by age, systemic disease, implant size, im plant placement region, bone graft material, and residual alveolar bone height.
4) Clinical Evaluation on Implant
Complications including perforation, osseointegration failure, and survival and success rates of 64 implants placed simultaneously with maxillary sinus elevation were investigated by retrospectively examining the patients' medical graft.
Materials and Methods
Research Object
This research targeted patients whose X-ray was taken just before and after the surgery and 6 months after the surgery among those who had Osstem ® US Plus ® Implant (Osstem ® , Seoul, Korea) placed after maxillary sinus bone graft using the lateral window approach technique in Department of Oral and maxillofacial surgery, Chonnam University between Dec. 2008 and Sept. 2010. The 24 patients were se lec ted for this research after excluding patients with ma xillary bone fracture, disease symptoms such as tumor or cyst in the maxillary sinus, maxillary sinus surgery record, only maxillary sinus bone graft surgery performed, no Xray taken after the surgery, and delayed placement from among a total of 47 patients who had bone graft.
A clinical conference was held with the relevant doctor for patients with systemic disease before the maxillary sinus bone graft, and such patients were not excluded unless there was any significant finding in the conference.
Research Methods

1) Surgical Procedure
The surgery was performed following Midazolam sedation treatment and local anesthesia. The full-thickness skin flap was elevated by performing alveolar crest incision and vertical incision up to the mucogingival junction, and oval bone cut was done by round bur on the anterior wall of the maxillary sinus. After the mucosa of the maxillary sinus was elevated, an acceptable implant bed was formed ac cording to the manufacturer's instruction. Autogenous bone was harvested from the maxillary tuberosity or man dibular ramus. The bone harvested from the mandi bular ramus was crushed, and bone rongeur was used for har vesting the bone from the maxillary tuberosity. Bio-Oss ® (Geistlich Pharma AG, Wolhusen, Switzerland) was used as allogenous bone; harvested autogenous bone was used separately or in combination with Bio-Oss ® for the maxillary sinus bone graft. A tissue adhesive, Tisseel ® (Baxter Healthcare, Westlake Village, CA, USA), was used in combination with particulate bone to ensure the stability of bone graft material and hemostatic effect. After filling with bone graft material in the elevated maxillary sinus base, and then performing implant placement, the wound area was sutured records during an average monitoring period of one year and 9 months (10 months~2 years and 4 months) after bone graft. The criteria for implant survival were set as the case wherein the upper prosthesis functions well without any special symptom after placement to date, and that, even if the soft tissue around the implant has a problem, its function is maintained by properly treating the problem and removing the symptom. The criteria for implant success were set as the case without any fluctuation, pain, abnormality in cognition, radiolucent lesion, peri-implantitis, and progressive bone resorption (1 mm or less within one year of implant placement and 0.2 mm or less after one year) according to the criteria of Albrektson 11) . In this research, secondary surgery was performed after an average of 6 months.
Results
Age Group and Resorption Rate of Maxillary Sinus Bone Graft
Based on the panorama taken before the surgery and 6 months after the surgery, the resorption rate of maxillary sinus bone graft of patients in their 40s was 34.0±21.1%, which was significantly higher than the rates of other ages (P<0.05). There was no significant difference among the 50s, 60s, and 70s age groups, however (Table 1) .
Systemic Disease and Bone Resorption Rate
Systemic disease had no significant impact on the resorption rate of maxillary sinus bone graft (Table 2 ). Other diseases included cardiovascular disorders, tuberculosis, and hyperthyroidism, but there was no significant correlation among the impact of such diseases on the resorption rate.
Implant Size and Bone Resorption Rate
Maxillary bone graft surgery was performed in 28 maxillary sinuses of 24 patients, and 64 implants were placed in the bone graft regions. There was no significant correlation between the diameter, length of placed implant, and bone resorption rate (Table 3 ).
Implant Placement Region and Bone Resorption Rate
Among the bone resorption rates of the maxillary sinus base, the second premolar region showed the highest re sorp tion rate with 28.1±15.5%, whereas the second molar region showed the lowest resorption rate with 19.2±9.8%. There was no significant difference by implant placement region, however (Table 4) .
Bone Graft Material and Bone Resorption Rate
The average residual bone thickness before the surgery in the group who had single mandibular ramal bone graft was 6.6±2.4 mm, and the average resorption rate of bone graft material was 34.2±19.6%. The average residual bone thickness before the surgery in the group who had combined graft of ramal bone and Bio-Oss ® was 4.5 mm, and the average resorption rate of bone graft material was 24.5± 10.2%. The average residual bone thickness before the surgery in the group who had the combined graft of maxillary tuberosity and Bio-Oss ® was 6.3 mm, and the average resorption rate of bone graft material was 19.4±7.8%. The average residual bone thickness before the surgery in the group who had the combined graft of mandibular ramal bone, maxillary tuberosity, and Bio-Oss ® was 4.8 mm, and the average resorption rate of bone graft material was 16.5± 6.2%. The graft material resorption rate in single ramal bone graft was significantly high compared to the other graft material groups (p<0.05), and there was no difference in the resorption rates of the other groups (Table 5 ).
Residual Alveolar Bone and Bone Resorption Rate
The average height of residual alveolar bone before the surgery was 5.4±2.6 mm, and the average height of alveolar bone after the surgery was 20.8±3.4 mm and the average amount of bone augmentation was 15.4±4.0 mm. The average height of alveolar bone 6 months after the surgery on the average was 17.4±3.2 mm, and the average bone resorption rate was 3.4±2.2 mm (22.1±14.3%) compared to that just after the surgery. There was no significant difference in the grafted bone resorption rates of the groups with less than 4 mm and more than 4 mm residual ridge heights. Neither was there any significant correlation between residual ridge thickness and bone resorption rate (Table 6 ).
Clinical Evaluation on Implants
In one maxillary sinus among the 28 sinuses of 24 patients who had maxillary sinus bone graft, perforation of the mucous membrane occurred when the mucous membrane was elevated but was cured without any specific abnormality by positioning Collatape ® (Zimmer Dental, Carlsbad, CA, USA) in the perforated region and performing bone graft. During the monitoring period of one year and nine months (10 months~two years and 4 months) on the average on 64 im plants, one implant of a male patient in his 70s and with no systemic disease showed agitation and led to osseointe gra tion failure. On the other hand, one implant of a male pa tient in his 60s and with diabetes maintained its function but showed more than 1 mm progressive bone resorption 6 months after the surgery. The success rate and survival rate of the implants were 96.9% and 98.4%, respectively.
Discussion
Maxillary sinus bone graft surgery is now predictable and is regarded as a safe surgical procedure. Most of the biocompatible bone graft materials are known to yield a good result in terms of the survival rate of implant, but maxillary sinus bone graft materials may be absorbed over time 12) . Bone graft materials include allogenous bone, xenogenous bone, and synthetic bone. Dragoo and Sullivan 3) reported in 1973 that autogenous bone was a bone graft material with the highest capability to regenerate when it comes to alve olar bone defects. If maxillary sinus bone graft was per formed using autogenous bone, however, a lot of grafted bone was reported a 97% implant cumulative survival rate through 4 years of monitoring after performing maxil lary sinus bone graft using synthetic bone (HA+ Collagen) or allogenous bone (Bio-Oss ® ). According to them, such material can be useful in maxillary sinus bone graft surgery due to less resorption and securing of early implant stability appropriately.
Iliac bone is generally a source for harvesting enough bone, but such harvest may necessitate secondary surgery besides surgery on oral cavity, causing considerable donor bone resorption. Due to such shortcomings, the use of iliac bone is strictly limited in dental implant, and autogenous bone chips harvested especially from mandibular symphysis or ramus in the oral cavity are used. The biggest advantage of mandibular symphysis or ramus, intraoral bone is membranous bone. Such bone has been known to lead to less bone resorption after bone graft, more frequent revascularization of grafted bone tissue, and finally better combination with the host bone in the grafted region 15) . An intraoral block bone harvested from mandibular symphysis is also effective like mandibular ramus but has shown many complications of permanent paresthesia in the mandibular tooth and lower lip, symphysis, and considerable inconvenience of the patient 16) . In this research, the bone from mandibular ramus and maxillary tuberosity was used as autogenous bone for grafting. Such bone is useful for maxillary sinus bone graft due to the ease of harvest, absence of specific complication such as inconvenience after the sur -gery, and good osseointegration. Graziani et al. 17) stated that the use of tissue adhesive with particulate bone graft material can promote bone healing by preventing the fluctuation of the particles. In this research, the use of Tisseel ® , a tissue adhesive, led to stability of graft material and hemostatic effect during the surgery in all cases. The perforation of the maxillary sinus membrane is the most frequent complication occurring during maxillary sinus bone graft surgery, and Ardekian et al. 18) disclosed that its incident rate reached 20~62%. According to Cheong et al. 19 ) the frequency of maxillary sinus abnormality increased the perforation possibility among patients scheduled for operation. Pikos 20) stated that collagen membrane should be used in case of perforated size of less 5~10 mm, whereas the operation should be delayed in case of over 5~10 mm. In this research, perforation in one maxillary sinus mucous membrane occurred when the membrane was elevated, but it healed well without abnormality by positio ning Col latape ® in the perforated membrane, filling by using bone graft material and Tisseel ® , and performing simul taneous implant placement. Autogenous bone has high capability to regenerate bone compared to the other bone graft materials. Note, however, that graft by a combination of allogenous bone and autogenous bone, synthetic bone, and xenogenous bone revealed that autogenous bone had faster and greater resorption compared to other bone graft materials 5) . Various factors as well as the bone graft material type can be said to have an influence on the resorption rate of graft material. Herzberg et al. 21) reported in the study on 70 patients who had maxil lary sinus bone graft and implant placement during the period 1995~2000 that the dangerous factors in bone resorp tion were smoking and implant with small surface area, but there was no big difference between simultaneous and delayed implant placements after maxillary sinus bone graft. In this research, implant placement was simulta neously done following maxillary sinus bone graft. This research reported that residual alveolar bone height of less than 4 mm tended to promote the resorption of graft material, and that implant with wide surface area can com pensate for such resorption. Regarding the patient's age, Kim and Lee 22) reported no correlation between the resorption rate and the patient's age. In this research, patients in their 40s among the patient groups of 40s~70s showed significantly greater resorption (Table 1) . Young people probably exhibited greater resorption of graft material due to active metabolism, whereas old people had less resorption rate due to increased capability to resist the resorption of graft material according to the decrease in bone density and bone mass and more bone calcification. Nonetheless, additional studies on that part are deemed necessary.
Regarding the systemic disease of the patient, Kim and Lee 22) reported that osteoporosis and diabetes showed significant
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decrease in the resorption rate compared to other systemic disease. In this research, there was no significant difference among the resorption rates by systemic disease. The small surface area of implant was reported to have the possible risk of increasing the resorption rate 21) ; in this research, however, there was no correlation between the implant size and resorption rate of graft material. According to Kim and Lee 22) , there was no correlation with the implant place ment region. Similarly, this research found no significant difference by placement region. With regard to the bone graft material type, maxillary sinus bone graft using autogenous bone was found to lead to signi ficant graft bone resorption over time. Hanato et al. 4) , recommended using a combination of autogenous bone and allogenous bone or xenogenous bone. In this research, the resorption rate after the single graft of mandibular ramus bone was 34%, whereas that after a combined graft of mandibular ramus bone or maxillary tuberosity bone and BioOss ® was 19% and 24%, respectively. The resorption rate after a combined graft of mandibular ramus bone, maxillary tuberosity bone, and Bio-Oss ® was 16%. Note that the resorption rate after a single graft of mandibular ramus bone was significantly high compared to other groups, corresponding to the results of existing studies, i.e., the resorption rate after single autogenous bone graft was significantly high compared to the rate after combination with allogenous bone such as Bio-Oss ®8) . Note, however, that there was no significant difference among the other groups except the group with graft using autogenous bone only. With reference to the study result of Herzberg et al. 21) , i.e., resi dual alveolar bone height of less than 4 mm tended to pro mote graft material resorption, this research divided the re sidual alveolar bone height into two groups of less than 4 mm and over 4 mm. As a result, there was neither significant difference in the resorption rate between the two groups nor significant correlation between residual alveolar bone thickness and resorption rate. Herzberg et al. 21) examined 70 patients with 212 implants placed in 81 maxillary sinus regions during the period 1995 ~2000 and reported 95.5% and 3.7% cumulative survival and success rates, respectively, for four and a half years. In this research, one implant of a male patient in his 70s with no systemic disease showed agitation and led to osseo integration failure, whereas one implant of a male patient in his 60s and with diabetes maintained its function but showed more than 1 mm progressive bone resorption 6 months after the surgery. Therefore, the success rate and survival rate of the implants were 96.9% and 98.4%, respectively. The other study that did monitoring for 5 years after maxillary sinus bone graft reported that continuous resorption occurred for one~three years after the surgery, becoming relatively stable after 3 years 23) . Note, however, that this re search had a short monitoring period of one year and nine months on the average after the graft surgery; additional monitoring for over 3 years is recommended in the future to check long-term stability. This research also had the limit of unequal sample size by group as well as small sample size. To contribute to accurate research results, the reinforcement of this part is strongly recommended.
Conclusion
The evaluation results on the resorption level using the pano rama X-ray pictures immediately after the surgery and 6 months after the surgery are as follows: 1. Among the resorption rates by age of maxillary sinus bone graft material, the rate of patients in their 40s was 34.0%, which was significantly high compared to that of patients in their 50s, 60s, and 70s (P<0.05). There was no significant difference among patients in their 50s, 60s, and 70s. 2. The patient's systemic disease did not show significant correlation with the resorption rate of maxillary sinus bone graft material. 3. The grafted implant thickness and length did not show significant correlation with the resorption rate of maxillary sinus bone graft material. 4. Implant placement in the premolar region and molar region did not show significant correlation with the resorption rate of maxillary sinus bone graft material. 5. The single mandibular ramus graft showed significantly high resorption rate compared to the combined graft group of mandibular ramus bone and Bio-Oss ® , combined graft group of maxillary tuberosity and Bio-Oss ® , and combined graft group of mandibular ramus bone, maxillary tuberosity, and Bio-Oss ® (P<0.05).
6. As a result of examination by dividing residual alveolar bone into two groups of less than 4 mm and over 4 mm, there was no significant difference between the two groups; neither was there any correlation between residual alveolar bone thickness and resorption rate of ma xillary sinus bone graft material.
7. Secondary surgery was performed 6 months later on the average. The success rate and survival rate during the moni toring period of one year and 9 months (10 months~ 2 years and 4 months) on the average were 96.9% and 98.4%, respectively.
Such results revealed that patients in their 40s, after maxillary sinus bone graft, showed higher resorption rate than those in their 50s and over, and that single autogenous bone (mandibular ramus bone) graft led to higher resorption compared to the combined graft groups of autogenous bone and xenogenous bone.
